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HYDROXAMIC AND CARBOXY UC ACTD nFRTVATIVES HAVING MMP 
AND TNF INH miTQRY ArTTVITV 

Field of the Invention 

This invention relates to hydroxamic and carboxylic add derivatives, and to their 
S use in medidne. 

Background to the Invention 

Metalloprotdnases, induding matrix metalloprotdnases (MMPs), (human 
fibroblast) coUagenase, gdatinase and TNF convertase (T ACE), and their modes of action, 
and also inhibitors thereof and their clinical effects, are desaibed in WC)-A-961 1209, WO- 

10 A.9712902 and WO.A-9719075, the contents of which are incorporated herein by 
reference. MMP inhibitors may also be useful in the inhibition of other mammalian 
metaUoproteinases such as tiie adamalysin femily (or ADAMs) whose members include 
TNF convertase (TACE) and ADAM-IO, which can cause the rdease of TNFa fi-om ceUs, 
and others, which have been demonstrated to be expressed by human articular cartilage 

1 5 cells and also involved in tiie destruction of myelin basic protein, a phenomenon associated 
with multiple sclerosis. 

Compounds which have the property of inhibiting the action of metalloprotdnases 
involved in connective tissue breakdown, such as collagenases, stromelysins and 
gelatinases, have been shown to inhibit the rdease of TNF both in vitro and in vivo. See 

20 Gearing et al (1994), Nature 370:555-557; McGeehan et al (1994), Nature 370:558- 
561; GB.A-2268934; and WO.A-9320047. AU of these reported inhibitors contain a 
hydroxamic add zinc-binding group, as do the imidazole-substituted compounds disclosed 
in WO-A-9523790. Otiier compounds that inhibit MMP and/or TNF are described in 
WO.A-95 13289, WO-A.9611209. WO-A-96035687, WO-A.96035711, WO-A- 

25 96035712 and WO-A-96035714. 
Summary of the Tnvt^nti^^^ 

The invention encompasses compounds which are useful inhibitors of matrix 
metaUoproteinases and/or TNFa-mediated diseases, including degenerative diseases and 
certain cancers. These compounds are represented by formula (I): 

30 



wo 99/24399 



2 



PCT/GB98/03395 




wherein 

m is 0-2; 

XisS(OU 

YisOHorNHOH; 

R' is H or a group (optionaUy substituted with R') selected from C„ alkyl, 
alkenyl, aryl, C,^ alkyl-aryl, heteroaryl, C,^ alkyl-heteroaryl, heterocydoalkyi, alkyl- 
heterocycloalkyl, cydoalkyl and C,^ alkyl-cycloalkyl, and R' is H or C,^ alkyl; 

or CR'R^ is a cydoalkyl or heterocydoalkyi ring optional^ substituted with R' or 
a group (optionaUy substituted with R') selected from C,^ alkyl, aryl, Cj^ alkyl-aiyl, 
heteroaryl and Cj^ alkyl-heteroai^; 

each B is the same or different and is H or a group selected from C,^ all^l-aryl, 
alkyl, cydoalkyl, C,^ alkyl-cycloalkyl, cycloalkenyl, heterocydoalkenyl, C„ alkyl- 
heteroaiyl, heterocydoalkyi, C,^ alkyl-heterocydoalkyi, aiyi or heteroaryl, any of which 
groups is optionally substituted by a substituent sdected from R', C,^ alkyl-R^ C« 
alkenyl-R', aryl (optionaUy substituted with R'), aiyl-CM alkyl-R^ C,^ aUcyl-aryl 
(optionaUy substituted withR'). C.^aUcyl-heteroaiyl (optionally substituted with R*), aiyl- 
Q2-6 aUcenyl-R*, heteroaryl (optionaUy substituted with R*), heteroai^,^ alkjrit-R', 
cydoaUcyl (optionaUy substituted with R') and heterocydoalkyi (optionally substituted 
witii R'), prodded tiiat NB, is not NHj, 

or B-N-B is a heterocydoaUcyl ring substituted with =0 or sNOR\ 

or, when ndtiio- of R' and R^ is H, B-N-B is a heterocydoaO^ or 
heterocycloaUcenyl ring optionaUy substituted by a substitaent sdected from R', C,^ aUc^- 
R', Cj^ aUcenyl-R*. aiyl (optionaUy substituted witfi K% aiyl-C„ aUcyl-R^ C,^ aUsyl-aiyl 
(optionaUy substituted withR'), C,^ aUcyl-heteroaiyl (optionaUy substituted witiiR'), aiyl- 
Cm aUcenjd-R*. heteroaiyl (optionaUy substituted witii R*), heteroai]d-CM aUc^-R'. 
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cycloalkyl (optionaUy substituted with R*), and heterocydoalkyl (optionally substituted 
withR^; 

is C„ alkyi, Cj< alkenyl-R*, halogen, CN, NOj, N(R«)j, OR*, C(=NOR*)R*, 
CON(R*)j, COR*, C0^«. NR«R*, S(OVjR« or SOiN(R*),; 
5 R* is H or a group selected &om C,^ alkyI, aryl, C„ alkyl-aryl, heteroaiyl. C« 

alkyl-heteroaiyl, cycloalkyl, C,^ alkyl-cydoalkyl, heterocydoalkyl and C,^ alkyl- 
heterocycloallqrl, wherdn said group is optionally substituted with R*, COR*, SOf^J^\ 
COjR*, OR*, CONR«R*. NR«R*, halogen, CN, SOjNR«R* or NOj, and for each case of 
N(R*)j the R* groups are the same or diflferent or N(R*)j is heterocydoalkyl optionaUy 
10 substituted with R*, COR*. SOo^*, COjR*. OR*. CONR«R*, NR«R*. halogen, CN, 
S02NR'R*orN02; 

R' is COR*. CON(R*)j, COjR* or SOjR«; 

R* is C,^ alkyl, aryl, C,^ alkyl-aryl, heteroaryl or C,^ alkyl-heteroaryl; and 
K' is OR*, COR*. COjR», CON(R*),. NR*R*. SCO^jR*. SO^(R*)j. halogen, CN 
1 5 or cycloimidyl (optionally substituted with R*); and 
R" is H or C,^ alkyl; 

and the salts, solvates, hydrates, N-oxides, protected amino, protected caiboxy, 
or protected hydroxamic add derivatives thereof 

Compounds of formula (I) are disdosed for the first time as having therapeutic 
20 utility. Compounds of formula (I) are new, except those wherein Y is OH and CR'R* is 
CHj or NB, is NHj, N(Ph)H. N(Ph)CH3, N(C«H„)CH, or N(4-methoxyben2oyl)j. 

Combinations of substituents and/or variables are only pemussible if sudi 
combinations result in stable compounds. 
Description of the Invention 

25 Preferred compounds of the invention are those who^ein any one or more of the 

following apply: 
XisSO,; 
Bis not H; 

B is optionally substituted C,^ alkyl, cydoalkyl, heterocydoalkyl, C^ alkyl-aiyl 
30 or C,^ alkyl-heteroaiyl; 

B-N-B is an optionally substituted h«ero«7doalkyl ring; 
B-N-B is a heterocydoalkyl ring substituted vwth =NOR*; 
R' is OptionaUy substituted C,^ aUcyl. C„ alkyl-heteroaiyl, C,^ aflcyl-aiyl or C,^ 
aUc^-heterocydoalkyl; 
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CR'R^ is the said optionally substituted cydoalkyd or heteroqrdoallqd ring; 
is C,^ alkyl, alkenyl-R*. halogen, CN, NOj, N(R*)^ OR*, COR*, NR*R*, 
S(OVjR« or S02N(R*)j; and 

R^ is CON(R*)j, NR*R', SO^(R% or cycloimidyl. 
5 It will be appredated that the compounds according to the invention can contain 

one or more asymmetrically substituted carbon and sulfur atoms. The presence of one or 
more of these aqrometric centres in a compound of formula (I) can give rise to 
stereoisomers, and in each case the invention is to be understood to extend to aU such 
stereoisomers, induding enantiomers and diastereomere, and mbctures inchiding racemic 
10 mixtures thereof 

It will further be ^predated that the compounds according to the invention may 
contain an oxfane. This oxime can give rise to geometrical isomers, and in each case the 
invention is to be understood to extend to all such isomers and nuxtures thereof. 

As used in this specification, alone or in combination, the term "C,^ alkyl" refers 
1 5 to straight or branched chain alkyl moiety having from one to sue carbon atoms, induding 
for example, methyl, etiiyl, propyl, isopropyl, butyl, tert-butyl, pentyl, hexyl and tiie like. 

The term "C^ alkenyl" refers to a straight or branched chain alkyl moiety having 
two to sbc carbon atoms and having in addition one double bond, of eitiier E or Z 
stereochemisttywhereapplicable. This term would indude for exaiiq)le, vinyl, 1-propenyl, 
20 1- and 2- butenyl, 2- methyI-2-propenyl etc. 

The term "cydoalkyl" refers to a saturated alicyclic moiety having from three to 
six carbon atoms and which is optionally benzofiised at any available position. This term 
includes for example cydopropyl, cydobutyl, cydopentyl, cydohexyl, indanyl and 
tetrahydronaphth)i. 

25 The term "heterocydoalkyi" refers to a saturated heterocyclic moiety having from 

tiiree to six carbon atoms and one or more heteroatoms sdected from N, O, S and 

oxidised versions thereof and which is optionally benzofused at any available position. 

This term includes, for example, azetidinyl, pyrrolidinyl, tetrafaydiofuran^ piperidin^ 

indolinyl and tetrahydroquinolinyl. 
30 The term "cydoalkenyl" refers to an alicydic moiety having from three to sbc 

carbon atoms and having in addition one double bond. This term indudes, for example 

(^dopentenyl and cydohexenyl. 

The term "hetero<ydoalk«^" rrfers to an aliqrdic moiety having from three to 

ax carbon atoms and one or more heteroatoms sdected from N, O, S and oxiitised 



wo 99/24399 



PCT/GB98/05395 



5 

versions thereof and having in addition one double bond. This tenn includes, for example, 
dihydropyranyl. 

The term "aryl" refers to an aromatic carbocyclic radical having a single ring or 
two condensed rings. This term includes, for example phenyl or naphthyl 
5 The term "heteroarji " refers to aromatic ring systems of five to ten atoms of which 

at least one atom is selected from O, N and S, and includes, for example, fiiranyl, 
thiophenyl, pyridyl, indolyl, quinolyl and the like. 

The term "cycloimidyl" refers to a saturated ring of five to ten atoms containing 
the atom sequence -C(=0)NC(=0>. The ring may be optionaUy benzofused at any 
10 available position. Examples include succinimidoyl, phthalimidoyl and hydantoinyl. 

The term "benzofused" refers to the addition of a benzene ring sharing a common 
bond with the defined ring system. 

The term "optionally substituted** means optionally substituted with one or more 
of the groups specified, at any available position or positions. 
15 The term "halogen" means fluorine, chlorine, bromine or iodine. 

The terms "protected amino", "protected carboxy" and "protected hydroxamic 
acid" mean amino, carboxy and hydroxamic acid groups which can be protected in a 
manner familiar to those skilled in the art. For example, an amino group can be protected 
by a benzyloxycarbonyl, te/t-butoxycarbonyl, acetyl or like group, or may be in the form 
20 of a phthalimido or like group. A carboxyl group can be protected in the form of an ester 
such as the methyl, ethyl, benzyl or /erz-butyl ester. A hydroxamic acid may be protected 
as either N or 0-substituted derivatives, such as O-benzyl or 0-/er/-butyldimethylsilyl, 

Salts of compounds of formula (I) include pharmac^tically-acceptable salts, for 
example add addition salts derived from inorganic or organic acids, such as 
25 hydrochlorides, hydrobromides, p-toluoiesulphonates, phosphates, sulphates, perchlorates, 
acetates, trifluoroacetates, propionates, citrates, malonates, succinates, lactates, oxalates, 
tartrates and benzoates. 

Salts may also be formed with bases. Such salts include salts derived fix)m 
inorganic or organic bases, for example alkali metal salts sudi as magnesium or caldum 
30 salts, and organic amine salts such as morpholine, pipmdine, dimethylamine or 
diethylamine salts. 

When the "protected carboxy" group in compounds of the invention is an esterified 
carboxyl group, it may be a metabolically-labile ester of formula CO^R^ where R*^ may be 
an ethyl, benzyl, phencthyl, phenylpropyl, a- or p-naphthyl, 2,4-dimethylphenyl, 



It 
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butylphcnyl, 2,2,2-trifIuoroethyI, l-(benzyloxy)benzyl, l-(benzyIoxy)ethyl, 2-methyl-l. 
propionyloxypropyl, 2,4,6-trimethyn)enz>ioxyinethyl or pivalojdmethyl group. 

Compounds of the genial formula (I) may be prepared by any suitable method 
known in the art and/or by the following processes. 
5 It will be ^predated that, where a particular stereoisomer of formula (I) is 

required, the synthetic processes described herein may be used with the appropriate 
homochiral starting material and/or isomers maybe resolved from mbctures using 
conventional separation techniques (e.g. HPLC). 

The compounds according to the invention may be prepared by the following 

10 process. In the description and formulae below the groups K\ R^ R^ K\ K\ R^ R*, 
R^ B, X and Y are as defined above, except v/here otherwise indicated. It will be 
appreciated that functional groups, such as amino, hydroxyl or carboxyl groups, present 
in the various compounds described below, and which it is deared to retain, may need to 
be in protected form before any reaction is initiated. In such instances, removal of the 

15 protecting group may be the final step in a particular reaction. Suitable protecting groups 
for such fimctionality will be apparent to those skilled in the art. For specific details see 
Greene ei al "Protective Groups in Organic Synthesis", Wiley Interscience. 

A process for preparing compounds of general formula (I) comprises acylating an 
amine of formula B2>JH (H) with an acylating agent of formula Z-X-<CH2)„-CR*R^-C0 Y 

20 (m) wherein Z represents a suitable leaving group (e.g. a halogen such as bromine), and 
Y is OH or NHOH or a protected form thereof This reaction may be performed in an 
inert solvent such as tetrahydrofuran, in the presence of an organic or inorganic base. 

Acylating agents of formula (III) where X = SOj may be prepared from R^^S- 
(Ciy^-CR^R^-COY (IV) , where R'^ is H or a suitable labile group such as acetyl, by 

25 treatment with chlorine in an appropriate solvent such as water at an appropriate 
temperature such as OX. Acylating agents of formula (HI) where X = SO may also be 
prepared from compound (IV) by treatment with SO2CI2 and acetic anhydride in an 
appropriate solvent such as dichloromethane at an qipropriate temperature such as OX. 
Sulfenyl compounds of formula (IV) are readily prepared by alk^ation of a 

3 0 compound R^^SH with an alkylating agent of the form Z^-(CH2)„-CR*R^-C0Y (V), where 
Z^ is a leaving group (e.g. a halogen such as bromine, or an alkylsulfonate ester such as 
methanesulfonate). Many compounds of formula (V) are available commerdally, or may 
be prepared by standard chenrishy known to those skilled in the art from materials 
available commerdally. 



.t* 
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Compounds of fonnula (V) where in=l may be prepared from compounds of 
formula HOCHjCR*RH:OY (VI). Thus, for example, a compound of formula (V) where 
Z* is methanesulfonate may be prepared by treatment of a compound of formula (VI) with 
methanesulfonyl chloride in the presence of an organic base such as triethylamine in an 
S inert solvent such as didiloromethane. 

Compounds of formula (VI) may be prepared by the reduction of compounds of 
formula R"OjCCR»R'COY (VII). where COOR" represents a suitable ester. e.g an ethyl 
ester. Suitable conditions for the reduction conq)rise the use of diisobuQdalumiiuum 
hydride m toluene at -40<'C. 

10 Compounds of formula (VH) may be prepared by the sequential alkylation of; for 

example, diethyl malonate. with alkylating agents of formula R'-2'^(Vin) and R'-Z'^ (DQ. 
wherein Z'^ is as defined above, foUowed by hydrolysis under basic conditions. Many 
alkylating agents of formula (VHI) or (DQ are avaUable commerciaUy or may be prepared 
from materials available commercially by methods known to those skilled in the art. 

15 Compounds of formula (IV) wdiere m = 1 and R^ = H may also be prepared by the 

reaction of a compound R"SH with an acrylate of the form HiC=CR'C02H (X). 
Compounds of formula (X) may be prepared by the Mannich reaction (i,e. with 
paraformaldehyde and piperidine in a suitable organic solvent, such as 1,4-dioxane) on a 
dicarboxyUc acid of general formula HOiC-CHR'-COjH (XI). This reaction involves an 

20 eliminative decarboxylation step, resulting in the formation of an o,P-unsaturated 
carboxylic acid O.e. where Y=OH) directly. 

DicarboxyUc adds of formula (XI) may be prepared by the alkylation o^ for 
instance, dietltyl malonate with an allqrlating agent of formula R*-Z* (Vm), wherdn Z* 
is as defined above, followed by hydrolysis undo- basic conditions. 

25 Amines of the structure depicted in formula (E) are commwaally available or may 

be prepared by standard aromatic, heteroaromatic or other chemistry known to those 
skilled in the art. from materials available commercially. 

Compounds of formula (I) may also be prqiared by interconversion of other 
compounds of formula (I). Thus, for example, a compound of formula (I) wherein R' is 

30 a C,^ alkyl group may be prepared by hydrogenation (using palladium on caibon in 
suitable solvent, such as an alcohol, e.g. etfaanol) of a compound of formula (I) wheran 
RMs a C„ alkenyl group. Similarly, a compound of fonnula (I) where X«»SOa may be 
prepared from a compound of formula (I) where X=SO by oxidation with, for example 
sodium periodate and ruthenium chloride triliydrate in an qipropriate soWent, for exanqile 
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acetonitile-tetrachloromethane-watCT. Adds of general foramla (I) (Y=OH) may be 
converted to hydroxamic adds (Y=NHOH) using methods known to those skUled in the 
art. 

Any mixtures of final products or intermediates obtained can be separated on the 
5 basis of the physico-chemical diflFo-oices of the constituents, in known manner, into the 
pure final products or intennediates, for example by chromatography, distillation, 
fractional crystallization, or by formation of a salt if appropriate or possible undo- the 
circumstances. 

The compounds according to the uivention exhibit m vitro inhibiting activities with 

10 respect to the stromelysins, collagenases and gelatinases. Compounds accordmg to the 
invention may also exhibit in vitro inhibition of membrane shedding events known to be 
mediated by metalloproteinases, for example, TNF rdease, TNF receptor shedding, IL-6 
receptor shedding, IL-1 receptor shedding, CD23 shedding and L-sdectin shedding. The 
activity and selectivity of the compounds may be determined by use of the appropriate 

15 enzyme inhibition test, for example as described in Examples A-M of WO 98/05635, or 
by the following assay for the inhibition of CD23 shedding. 

The potency of compounds of general formula (I) to act as inhibitors of the 
shedding of CD23 is determined using the following procedure: a 100 nM solution of the 
compound being tested, or dilutions thereof, is incubated at 3TC in an atmosphere of 5% 

20 CO2 with RPMI 8866 cdls, which shed CD23 spontaneously without stimulation. After 
1 h, the cells are removed by centrifiigation and the supernatant assayed for levels of 
sCD23 using an EUS A kit available conunerdally. The activity in the presence of 0. 1 mM 
inhibitor, or dilutions thereof, is compared to activity in a control devoid of inhibitor and 
the results reported as that inhibitor concentration Meeting 50% inhiUtion of the shedding 

25 ofCD23. 

This invention also relates to a method of treatment for patients (including man 
and/or mammalian animals raised in the dairy, meat or fiir industries or as pets) suffering 
from (fisorders or diseases which can be attributed to MMPs as previously described, and 
more spedfically, a method of treatmoit invol^ong the admmistration of the matrix 
30 metaUoprotdnase inlubitors of formula (I) as the active constituoits. 

According^, the compounds of formula (I) can be used among other things in the 
treatment of osteoarthritis and rtieumatoid arthritis, and in diseases and indications 
resulting fiDm the over-expression of these matrix metalloproteinases such as found in 
certain myostatic tumour cdl lines. 
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As mrationed above, compounds of formula (I) are useful in human or vcterinaiy 
medicine since they are active as inhibitors of TNF and MMPs. According in another 
aspect, tUs invention concerns: 

a metiiod of managanent (by v^ch is meant treatment of prophjdaxis) of disease 
5 or conditions mediated by TNF and/or MMPs in mammals, in particular in humans, whidi 
method comprises administering to the mammal an effective, amount of a compound of 
formula (I) above, or a pharmaceutically acceptable salt thereof; and 

a compound of formula (I) for use in human or veterinary medicine, particularly 
in the managraient (by which is meant treatment or prophylaxis) of diseases or conditions 
10 mediated by TNF and/or MMPs; and 

the use of a compound of formula (I) in the preparation of an agent for the 
management (by v*ich is meant treatment or prophjdaxis) of diseases or conditions 
mediated by TNF and/or MMPs. 

The disease or conditions referred to above include inflammatoiy diseases, 
15 autoimmune diseases cancer, cardiovascular diseases, diseases involving tissue breakdown 
such as rheumatoid arthritis, osteoarthritis, osteoporosis, neurodegeneration, Alzhdmer's 
disease, stroke, vasculitis, Crohn's disease, ulcerative colitis, multiple sclerosis, 
periodontitis, gingivitis and those involving tissue breakdown such as bone resorption, 
haemorrhage, coagulation, acute phase response, cachexia and anorexia, acute infections, 
20 HTV infections, fever, shock states, graft versus host reactions, dermatological conditions, 
surgical wound healing, psoriasis, atopic dermatitis, epidermolysis bullosa, tumour growth, 
angiogenesis and invasion by seoondaiy metastases, ophthalmological disease, retinopathy, 
corneal ulceration, reperfusion injury, migraine, meningitis, asthma, rhinitis, allergic 
conjunctivitis, eczema, anaphjdaxis, restenosis, congestive heart fiulure, endometriosis, 
25 atherosderosis, endosclerosis and aspirin-independent anti-thrombosis. 

Compounds of formula (I) may also be useful in the treatment of pelvic 
inflammatory disease (PID), age-related macular degmmtion and cancer-induced bone 
resorption. Further, they can be used in the treatment of lung diseases, e.g. selected fit>m 
cystic fibrosis, adult re^iratory distress syndrome (ARDS), emphysema, bronchitis 
30 obliterans-organising pneumonia ^OOP), idiopathic puhnonary fibrosis (PW), difiuse 
alveolar damage, pulmonary Langerhan's ceD gramilamatoas, pulmonary 
lymphangioleiomyomatosis (LAM) and chronic obstructive pulmonary disease (COFD). 

For the treatment of rheumatoid arthritis, osteoarthritis, and in diseases and 
indications resulting fiom the over-expression of matrix m^oendoproteinases sudi as 
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found in obtain metastatic tumour cell Imes or other diseases mediated by the matrix 
metaUoendoproteinases or increased TNF production, the compounds of formula (I) may 
be administered orally, topically, parenterally, by inhalation spray or rectaUy in dosage unit 
formulations containing non-toxic pharmacaitically acceptable carriers, adjuvants and 
5 vehicles. The term parenteral as used herein includes subcutaneous injections, intravroou^ 
intramuscular, intrastemal injection or infusion techmques. In addition to the treatmmt 
of warm-blooded animals such as mice, rats, horses, cattie, sheep, dogs, cats etc, the 
compounds of the invention are effective in the treatmrat of humans. 

The pharmaceutical composition containing the active ingredient may be in a fom 

10 suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily 
suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or syraps 
or elixirs. Compositions intended for oral use may be prepared according to any method 
known to the art for the manufacture of pharmaceutical compositions and such 
compositions may contain one or more agents seleaed from the group consisting of 

1 5 sweetening agents, flavouring agents, colouring agents and preserving agents in ordw to 
provide pharmaceutically elegant and palatable preparations. Tablets contain the active 
ingredient in admbcture with non-toxic pharmaceutically acceptable exdpioits which are 
suitable for the manufacture of tablets. These excipients may be for example, inert 
diluents, such as calcium carbonate, sodium carbonate, lactose, caldum phosphate or 

20 sodium phosphate; granulating and disintegrating agents, for example com starch, or 
alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating agents, 
for example magnesium stearate, stearic acid or talc. The tablets may be uncoated or they 
may be coated by known techniques to delay disintegration and absorption in the 
gastointestinal tract and thereby provide a sustained action over a longer period. For 

25 example, a time dday material such as glycol monostearate or glyceryl disteaiate may 
be employed. They may also be coated by the techniques described in the US Patents 
4,256,108; 4,166,452; and 4,265,874, to form osmotic tiiwapeutic tablets for control 
release. 

Formulations for oral use may also be presented as hard gelatin cqisules vAiere in 
30 the active ingrediem is mked with an inert soUddihimt, for example caldum^ 

caldum phosphate or kaolin, or as soft gdatin capsules whmn the active ingredirat is 
nuxed with water or an oQ medium, for example peanut oil, liquid paraflBn or olive oil. 
Aqueous suspensions contain the active materials in admbcture with exd|Ments suitable for 
the manu&cture of aqueous suspoistons. Such «dpients are suspending agents, for 
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example sodhimcaiboxymethylcellulose, me%lcellulosc, hydroxy- propylmethylcellulose, 
sodium alginate polyvinyl-pyrrolidone, gum tragacanth and gum acada; dispersing or 
wetting agents may be a naturally occurring phosphatide, for example lecithin, or 
condensation products of an alkjdene oxide with fetty acids, for example polyoxyethylene 
5 stearate, or condensation products of ethylene oxide with long chain aliphatic alcohols, for 
example heptadecaethylraeoxycetanol, or condensation products of ethylene oxide with 
partial esters derived from fatty acids and a hexitol such a polyoxyethylene with partial 
esters derived from fatty acids and hexitol anhydrides, for example polyoxyethylene 
sorbitan monooleate. The aqueous suspensions may also contain one or more 

1 0 preservatives, for example ethyl, or n-propyl, p-hydroxybcnzoate, one or more colouring 
agents, one or more flavouring agents, and one or more swe^ening agents, such as 
sucrose or saccharin. 

Oily suspensions may be formulated by suspending the active ingredient in a 
vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in a mineral 

15 oil such as liquid paraffin. The oily suspensions may contain a thickening agent, for 
example beeswax, hard paraflfin or cetyl alcohol. Sweetening agents such as those set 
forth above, and flavouring agents may be added to provide a palatable oral preparation. 
These compositions may be preserved by the addition of an anti-oxidant such as ascorbic 
add. 

20 Dispersible powders and granules suitable for preparation of an aqueous 

suspension by the addition of water provide the active ingredioit in admbcture with a 
dispersing or wetting agent, suspending agent and one or more pres^vatives. Suitable 
dispersing or wetting agents and suspending agents are exemplified, for example 
sweetening, flavouring and colouring agmts, may also be present. 

25 The pharmaceutical compositions of the invention may also be in the form of oil-in- 

water emulsions. The oily phase may be a vegetable oil, for example olive oil or arachis 
oil, or a mineral oil, for example liquid paraffin or mbctures of these. Suitable emulating 
agents may be naturally- occurring gums» for example gum acada or gum tragaranth, 
naturally-occurring phosphatides, for example soya bean, ledthin, and estm or partial 

30 esters derived from &tty adds and hexitol anhydrides, for example sorbitan monooleate 
and condensation products of the said partial esters with etiqrlene oxide, for exan^le 
polyoxyedijdene sorbitan monooleate. The emulaons may also contain sweetening and 
flavouring agmts. 



wo 99/24399 



PCT/GB98/0339S 



12 

Symps and elixirs mybefonmUated with sweetening agCTts,fore^ 
propjdene glycol, sorbitol or suwose. Such formulations may also contain a demulcoit, 

apreservativeand flavouring andcolouring agents. Thephannaceuticalcompositionsniay 
be in the form of a sterile injectable aqueous or oleagenous suspenaon. This suspenaon 
5 may be formulated according to the known art using those suitable dispersing or wetting 
agents and suspending agents which have been mentioned above. The sterile injectable 
prq)aration may also be in a sterile injectable solution or suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for example as a solution in 1,3-butane diol. 
Among the acceptable vehicles and solvents that may be employed are water. Ringer's 

10 solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionaUy employed as a solvent or suspending medium. For this purpose any bland 
fixed oil may be employed including synthetic mono- or diglycerides. In addition, firtty 
adds such as oleic acid find use in the preparation of injectables. 

The compounds of formula (I) may also be administered in the form of 

15 suppositories for rectal administration of the drag. These compoations can be prepared 
by mixing tiie drag with a suitable non-inritating excipient which is solid at ordinary 
temperatures but liquid at the rectal tempa:ature and will tiierefore melt in the rectum to 
release the drag. Such materials are cocoa butter and polyeth^ene glycols. 

For topical use, creams, ointments, jellies, sohitions or suq)ens[on8, etc containing 

20 the compounds of Formula (I) are employed. For the purposes of tMs qiedfication, 
topical application includes mouth washes and gargles. 

Dosage levels of the order of fi-om about 0.05 mg to about 140 mg per kilogram 
of body weight per day are usefiil in the treatment of the above- indicated conditions 
(about 2.5 mg to about 7 g per patient per day). For example, inflammation may be 

25 eflfectivelytreatedbytheadministrationoffi-omaboutO.Ol to50ingoftiiecompoundper 
kilogram of body wdght per day (about 0.5 mg to about 3.5 g per patient per day). 

The amoum of active ingredient that may be combiiwd with the carrier materials 
to produce a single dosage fonn will vary depending upon the host treated and the 
particular mode of adnunistration. For exan4>le, a formulation intoided for the oral 
30 administi^ationofhumans may vaiyfirom about 5 to about 95% of the total conqiosttion. 
Dosage unit forms win generally oontun between fit>m about 1 mg to about SOD mg of 
active ingredient. 

It vna be understood, however, that tiie specific dose levd fi>r ai^ particular 
patient will dqiend upon a variety of fectors induding the activity of the specific 
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compound «nployed, the age, body weight, general health, sex, diet time of 
administration, route of administration, rate of excretion, drug combination and the 
sevmty of the particular disease undergoing thei^y. 
The following Examples illustrate the invention. 
5 In the Examples, the foUowing abbreviations are used: 

TNFa Tumour Necrosis Factor a 

LPS Lipopolysacdiaride 
EUS A Enzyme-linked immunosorbant assay 
EDC l-Eth)d-2*dimethylaminopropylcarbodiiniide 
10 RT Room Temperature 

Intermediate 1 3-Iodo-l-(3,4,4-trimethyl-2^dioxoimidazoUdin-l-]i)-propan 
Sodium hydride (2.2 g) was added to a solution of 3,4,4-trimediylhydantoin (7.1 
g) in dimethylformamide (50 mi) at room temperature and the mbcture was stirred for 1 
h. 3-Chloro-l-bromopropane (4.9 ml) was then added and the solution was stirred 
15 overnight. The mixture was then poured into water (300 ml) and extracted with diethyl 
ether, the ether layer was then dried (MgS04) and ev^orated and the residue was 
dissolved in acetone (100 ml) to which was added sodium iodide (10 g). The mfacture was 
heated at reflux for 18 h, then evaporated and the residue was dissolved in diethyl ether 
and washed with water, then dried (MgSOJ and evaporated to give the tiOe compound 
20 (1 1 g, 70%) as a brown oU. 
R,0,85 (diethyl ether) 

Intermediate 2 Dibenzyl (3-(3,4,4-Trimethyl-2,S-diozoiinidazoIidin-l-yl)- 
propyl)malonate 

A solution of diboizyl malonate (5.7 g) in anhydrous tetrahydrofuran (200 ml) was 
25 treated at 0°C with sodium hydride (60% dispersion in mineral oil, 3. 1 g). Themfacture was 
allowed to warm to room temperature and stirred for 30 minutes under lutrogen. The 
mfacture was then treated with a solution of intermediate 1 (6.2 g) in tetrahydrofiiran (100 
ml) and heated at reflux for 12 hours. The reaction was then cooled, filtered, and the 
filtrate evaporated m vacuo. The readue was paititioned between ethyl acetate (200 ml) 
30 and saturated aqueous ammomum chloride (150 ml). The organic layer was washed with 
water (100 ml), brine (100 ml), dried (MgS04X filtered and the filtrate evaporated in 
vacuo. The residue was purified by cohmm duromatogn^hy on silica gd ehiting with 20% 
ethyl acetate in hexane to yidd the title compound (7.1 g, 80%) as a colouriess oil. 
RfO.S3(dietiiyletiier) 
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IntcrmedifltftS 2-Methylene-S-(3,4»4-trimethyl-2,SHiiozoimidazolidi^^ 
pentanoic Add 

A solution of intermediate 2 (10 g) in dioxane (200 ml) was tnated with 10% 
palladium on charcoal (1.7 g) and hydrogenated at atmospheric pressure until the 
5 hydrogen uptake had ceased. The catalyst was removed by filtration through Celite* and 
the filtrate treated with piperidine (3.2 g) at room temperature. After 30 minutes the 
reaction was treated with formaldehyde (37% solution in water, 15 ml), stirred for two 
hours at room temperature and then heated at 80 for two hours. The mixture was 
cooled, the soWent removed in vacuo and the residue partitioned between ethyl acetate 

10 (200 ml) and 10% aqueous dtric add (100ml). The oiganic layer was washed with water 
(100 ml), brine (100 ml), dried over magnesium sulfate, and filtered, and the filtrate 
evaporated in vacuo. The residue was purified by column chromatogr^lqr on ^ca gd 
duting with 40% ethyl acetate in hexane to yield the title compound (5.40 g, 95%) as a 
colourless oil. 

15 Rf 0.4 (ethyl acetate) 

Intermediate 4 2-Methylene-3-methyIbutanoic add 

Morpholine (39.4 g) was added to a solution of isopropylmalonic add (60. 1 g) in 
water (300 ml) and acetic add (47 ml). The mixture was stirred for 20 min, then a 
solution ofaqueous formaldehyde (37% aq, 18,54 g) was added. The mixture was stirred 

20 at room temperature overnight, then heated at 80**C for 2 h and recooled to room 
temperature. The mixture was filtered, basified with sodium bicarbonate and washed with 
dichloromethane (100 ml). The pH was adjusted to 4 with dilute HCl, then the mfacture 
was extracted with dichloromethane (3 x 200 ml), the organic extracts were combined and 
washed with water and brine, dried (Mg SOJ and then evaporated to gwe the title 

25 compound as colouriess oil (32 g). 
Rf0.45(EtOAc), 

Intermediates 2-Bromometliyl-S-(3y4,4-trimethyl-2^ioxoiiiiidam 
pentanoic Add 

Intermediate 3 (5.4 g) was treated with 45% hydrogen bronude in acetic add (50 
30 ml) at room temperature. After three hours the solution was poured into water (300 ml) 
and the produa extracted with eth^ acetate (3 x 100ml). The oiganic extracts ww 
combined, washed with water (100 ml), brine (100 nd), dried over magneshmi sulfirte, and 
filt^ed, and the filtrate evaporated in vacm. The residue was dried by azeotrope with 
toluene (2 x lOml) to yidd the tide compound (4.0 g, 56 %) as a viscous oil. 
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Rf 0.35 (ediyi acetate) 

Similariy prquired was 
Intermediate 6 2-Bromometliyl-3-niethylbutanoic Acid 
From intermediate 4 (32 g), as cdouriess liquid (52.3 g). 
5 R,0.43(EtOAc). 

Intermedia^ 7 Methyl 2-Bromomethyl-S-(3,4,4-trimethyl>2»S-dloxoimid- 
azoUdin-l-yl)pentanoate 

Acetyl diloride (15 ml) was added to ice cold methanol (200 ml) dropwise over 
20 min, thai a solution of intermediate 5 (3.5 g) in methanol (20 ml) was added and the 
10 solution was stirred at room temperature for 3 h. The mixture was thai evaporated in 
vacuo and the residue dissolved in dichloromethane (100 ml) and washed with saturated 
sodium bicarbonate solution and brine. The solvent was dried and evaporated to give tiie 
title compound (2.05 g) as pale ydlow oil. 
Rf 0.65 (ether). 

IS Iptf rpnytf j^tt g tert-Butyl 2-Bromometiiyl-S-(3,4,4-trimethyl-2,5-dioxo- 

imidazolidin-l-yl)pentanoate 
Isobutylene (100 ml) was added to a solution of the intermediate 5 (36.1 g) and 
sulfiuic add (1.2 ml) in dichloromethane (1 10mI)at-78XinaParri»e8Suiereactor. The 
vessel was sealed and the mixture stirred at room temperature for 24 h, then cooled to 
20 -SX and the solution was removed and washed with saturated sodium carbonate and 
water, then dried ^gSO*) and eviqwrated to give the title canqxnmdis a colouriess oO 
(35.9 g). 

R,0.73 (ether). 

Similariy prepared was 
25 Intermediate 9 ferT -Butyl 2-Bromomethy)^nitflqibntaiMMite 
From intermediate 6 (52.3 g), as colouriess liquid (64.0 g). 

Rf0.72(EtOAc). 

Intgrmt^ia^? ^0 Methyl 2-Acetylsalfanylmethyl-S-(3,4,4-trimethyl-2,S-di- 
oxoimidazoIidin-l>yl)pcntaBoate 

30 Potassiumthiolacetate(1.2^vrasaddedtoasolutionofintennediate7(1.5 g)in 

dimethylformamide (20 ml) at room temperature and the nuxture was then heated at 
100*>Cfor3h. The mbcture was added to water and extracted with ether (3x50 ml). The 
solvent was washed with sodium bicaitxmatesohition, water and brine, the dried ^SOJ 
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and evi^orated to give a brown oil. This was purified by silica gel column 
chromatography, eluting with ether, to give the title compound (1 .2 g) as an amber oil. 
R^O.55 (ether) 

Similarly prepared were: 
5 Intermediiitell lerZ-Butyl 2-AcetyIsalfanylmetby^S-(3,4,4-trimethyl-2»5-di- 

oxoimidazolidin-l-yl)pentanoate 
From intermediate 8 (3S.9 g), as a ydlow oil (34.5 g). 
Rf 0.66 (ether). 

Intermediate 12 reif-Butyl 2-AcetylsuIfanylmethyl-3-methylbutanoate 

1 0 From intermediate 9 (64 g) as colourless oil (SS.7 g). 

Rf0.68(EtOAc). 

Intermediate 13 Methyl 2-(Chlorosulfonylmethyl)-S-(3,4,4-trimethyl-2,S-di- 
oxoimidazolidin-l-yl)pentanoate 

Chlorine gas was bubbled through a suspension of intermediate 10 (1.2 g) in 5% 
15 aqueous acetic acid (50 ml) at O^C for 20 min. The suspension was stirred for 20 min, 
then placed under vacuum to remove excess chlorine for 5 min. The suspension was then 
extracted with dichloromethane (2 x 50 ml) and the solvent washed with water and brine. 
The organic layer was dried over magnesium sulfate and evaporated to give the title 
compound (1.10 g) as pale yellow oil, which slowly crystallised on standing. 
20 R^O.45 (ether). 

Similarly prepared were: 
Intermediate 14 ieri-Bntyl 2-Chlorosulfonylmethyl-5-(3,4,4-trimethyl-2,5- 
dioxo-imidazolidin-l-yl)pentanoate 
From intermediate 1 1 (1.04 g) as a >dscous pale yellow ofl (0.86 g). 
25 Rf 0.48 (ether). 

Intermediate IS tert -Butyl 2-ChIorosulfonylmethyl-3-methylbutanoate 

From intermediate 12 (50 g) as pale yellow oil (49.9 g). 
Rf 0.54 (EtOAc). 

Intermediate 16 iV-Methyl-2-phenoxyethylamiae 

30 This compound was prepared according to the method described by Grieco and 

Bahsas (J. Org. Chem., 1987, 52, 5747-5749) from 2-phenoxyethylamine (1.00 g), as a 
near colourless oil (0.88 g, 81%). 

Rf 0.32 (94:5: 1 dichloromethane/methanol/ammonium hydroxide). 
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Intermediate 17 2-Hydroxymethylbeiizofuran 

To a stirred solution of benzofuran 2-carboxylic add (2.50 g) in tetrahydrofUran 
(50 ml) at 0°C under nitrogen was added a solution of lithium aluminium hydride (l.OM; 
7.7ml)intetrahydrofuTan. Stirring was continued for 2 h, aUowing the temperature to rise 
5 toRT. The mixture was diluted with diethyl ether (50 ml) and quenched with water (30 
ml). The aqueous layer was separated and extracted with diethyl ether (2x25 ml). The 
combined extracts were washed with water (30 ml), sodium hydroxide solution (IM; 30 
ml), water (30 ml), brine (30 ml) and dried (MgS04). FUtration and evaporation of 
solvents under reduced pressure yielded the tide compound (1 . 1 Ig, 49%) as a colouriess 
10 oU. 

Rf 0.29 (2: 1 hexane/ethyl acetate). 

Intermediate 1« 2-Cbloromethylbenzofuran 

To a stirred solution of intermediate 1 7 ( 1 . 1 0 g) in dichloromethane (50 ml) at RT 
was added pyridine (646 mg) and 4-toluenesulfoityl chloride (1.56 g). Stirring was 

1 5 continued for 72 h at RT and a further 24 h at reflux. The cooled solution was dUuted 
with dichloromethane (50 ml) and washed with dilute hydrochloric acid (IM; 25 mO, 
water (2 x 25 ml), brine (25 ml) and dried (MgSOJ. Filtration and evaporation of solvents 
under reduced pressure and purification of the residue by silica gel column 
chromatography , eluting with 5:1 hexane/ethyl acetate, yielded the tide compound (337 

20 mg, 27%) as a colouriess oil. 

R, 0.49 (2:1 hexane/ethyl acetate). 

Intermediate 19 AT-Methyl Beiizofuraii-2-yl methylamine 

This compound was prepared according to the method of Butera et al (J. Med. 
Chem., 1991, 34, 3212-3228) from intermediate 18(330n^,asanear colourless oil (883 
25 mg, 8%). 

Rf 0.30 (9:1 dichloromethane/methanol) 

Intermediate 20 Diethyl Tetrahydropyran-4>4-dicarbo^iate 

I^ethj^ malonate (32.0 g) was added to a sohition of sodhmi ethoxide (1 
equivalent) in ethanol and the solution was stirred for 30 min. 2-Brcmoethylether (46.0 
30 g) was then added and the mixture was stirred at reflux for 3 h. The mixture was then 
cooled, evaporated in vacuo and the residue partitioned b^ween water and 
dichloromethane. The oiganic layer was sqranted and washed with water and brine, then 
dried (MgS04) and evaporated. The residue was then purified by flash column 
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chromatograply on silica gd, eluting with 4: 1 hcxanes/ether, to give the title compound 
(28.0 g) as colouriess liquid. 
Rf 0.33 (4: 1 hexanes/ethar). 

Intermediate 2} Ethyl 4-HydroxymethyItetrahydropyran-4-carboxylate 

5 A solution of di-isobutylaluminium hydride in toluene (82 mmol) was added to a 

solution of intermediate 20 (9.5 g) in tohiMe at -40^C over 30 min. The mixture was 
stirred for 1 h, then ethanol (100 ml) was added dropwise over 30 min. Sodium 
borohydride (2.0 g) was then added in small portions over 20 min, and the mfacture stirred 
for 1 h. Saturated sodium sulfete (100 ml) was then added dropwise foUowed by ethyl 
10 acetate (200 ml). The mixture was vigorously stirred for 1 h, then filtered through Celitc 
and the filtrate evaporated to give the title compound (5.6 g) as colourless liquid. 
Rf0.60(EtOAc). 

Intermediate 22 Ethyl 4-(Methanesulfonyloxy)niethyltetrahydropyran-4- 
carboxylate 

15 Methanesulfonyl chloride (4.6 ml) was added to a solution of intermediate 2 1 (1 1 .0 

g) at O^C in dichloromethane (30 ml), foUowed by triethylamme (8.0 ml). The nuxture 
was stirred for 1 h, then washed with citric add (5% aq, 30 ml), saturated sodium 
bicarbonate and brine. The organic layer was separated, and then dried (MgS04) and 
evaporated to give the title compound as colouriess oil (15.2 g). 

20 0.65 (ether). 

Intermediate 23 Ethyl 4-<AcetybuIfanylmethyl)tetnihydropyran-4-carboxylate 

A solution of intermediate 22 (16.0 g), sodium iodide (0.2 g) and potassium 
thioacetate (12.0 g) in d'miethylformamide (100 ml) was heated at 80*^0 for 6 h. The 
resulting blade viscous mbcture was then added to aqueous bicaibonate (300 ml) and 
25 extracted with ether. The ether layer was washed with water and brine, then dried 
OIgS04) and evsq^orated. The reddue was purified by flash column chromatognqifay on 
silica gel, eluting with 1 : 1 ether/hexanes, to give the title compound (6.5 g) as pale yellow 
oil. 

Rf 0.45 (1:1 ether/hexanes) 
30 Intermediate 14 Eth^ 4-(Chloro8ulfonyl)methyltetralq^|iyniiH4<^ 

Chlorine gas was bubbled through a suspension of intermediate 23 (3.2 g) in water 
(100 ml) and acetic add (5 ml) at O^'C for 30 min. The yeUow suspension was stirred at 
the same temperature for 30 min, then partiaUy evaporated undo* vacuum and the aqueous 
readue extracted with didiloromethane (100 ml). Hie combined organic extracts were 
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washed with iced-cold water and brine, then dried QAg^O^) and evaporated to give the 
title compound (3.3 g) as colouriess solid. 
Rf 0.45 (ether). 

Intermediate 25 2-(4-Chlorophenoxy)-2a-dimeth3ipropionyl Chloride 

5 To a stirred solution of 2-(4-chlorophenoxy).2,2-dimethylpropionic add (S.OOg) 

in dicMoromethane (1 00 ml) and dimetltylformamide (2 drops) at 0 **C under nitrogen was 
added oxalyl chloride (14.8 g). The mixture was stirred overnight with the tempmture 
rising to RT. The mixture was evaporated under reduced presmire to diyness to yield the 
title compound (5.26g, 97%) as a brown liquid. 
1 0 0.65 (5 : 1 hexane/ethyl acetate). 

Intermediate 26 2-(4-Chloropheno]7)-2;2-dimethylpropionic Acid N-Methyl 
Amide 

To a stirred 40 % aqueous solution of methylamine (20 ml) at 0 was added 
intermediate 25 (l.OOg). The mixture was stirred for 30 mins and then the resulting 
15 precipitate was collected by filtration and dried in vacuo to yield the title compound 
(576mg, 59%)as a white solid. 
Rf 0.47 (2: 1 ethyl acetate/hexane). 

Intermediate 27 VV-[2-(4-chlorophenoxy)-2^-dimethylpropyl]-JV-methyiamine 
To a stirred solution of intermediate 26 (300 mg) in tetrahydrofuran (10 ml) at 0"C 

20 under nitrogen was added a solution of borane-dimethyl sulphide in tetrahydrofuran (2M, 
1 ml). The mixture was heated at reflux for 4 h then cooled and diluted with water (30 
ml). The mixture was extracted with dichloromethane (3 x 20ml) and the combined 
extracts were washed with water (2 x 20 ml), brine (20 ml) and dried QAgSO;), Filtration 
and evaporation of solvents in vacuo jdelded a colourless oil. To a stirred solution of the 

25 oil in methanol (20 ml) at RT was added concentrated hydrochloric add (3 ml). The 
mbcture was stirred for 2.5 h then diluted with water (80 ml) and washed \^th hexane (2 
x 20 ml). The aqueous mfacture was basified (2M NaOH; pH 12) and extracted with 
dichloromethane (5 x 20 ml). The combined oiganic finctions were washed with water (2 
x 20 ml), brine (20 ml) and dried (Mg SOJ. Fdtration and evaporation of soWents in 

30 vacuo yielded the tide compound (146mg, 58 %) as a colourless oil. 
Rf 0.32 (94:5 : 1 dichloromethane/methanol/ammonium hydroxide). 
Intermediate 28 iV-(^-Bntyloxycarbonyi>4-piperidlnol 

Was prepared according to the method of K.M. Wells et al {Tetrahedron Lett, 
1996, 37(36), 6439-6442) as a pale yeUow soUd (46.5 g, 99%) 
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Rf0.67(EtOAc) 

Intermediate 29 4-(Piperidiii*4-yloxy)pyridine, £tf (Trifluoroacetate) 

Sodium hydride (1.8 g) was added to a solution of intermediate 28 (3.4 g) in 
dimethylfonnamide (15 ml), cooled in ice, and held under nitrogen. The suspension was 
5 then stirred at room tonpcrature for 1 h, treated with 4-chloropyridine hydrochloride (2.7 
g), and heated to lOOX for a further 2 h. After cooling, the mixture was partitioned 
between diethyl ether (100 ml) and water (100 ml). The organic phase was coDected, 
washed with water (20 ml), saturated brine (20 ml), dried (Na2S04) and evaporated to 
dryness in vacuo. The beige solid residue was recrystallised from dicdiyl ether to provide 

10 the intermediate ether as a crystalline pale brown solid (4.24 g). The recrystallised solid 
was then dissolved in dichloromethane (80 ml), treated with trifluoroacedc add (20 ml), 
and stirred at room temperature for 16 h. The mbcture was then concentrated under 
reduced pressure and co-evaporated with 50 % dichloromethane/hexane (20 ml) to 
provide the title compound as a beige solid (4.8 g, 70%). 

IS Rf 0. 1 1 (8% methanol/dichloromethane with trace triethylamine) 
Similarly prepared were: 
Intermediate 30 4-(4-Cyanophenyloxy)piperidine, Trifluoroacetate 

From intemediate 28 (3 .0 g) and 4-fluorobenzonitrile ( 1 . 95 g), as a colouriess solid 
(1.34 g, 28%) 

20 Rf 0. 1 (50% hexane and 0. 1% AcOH in EtOAc) 

Intermediate 31 4-(4-ChIoropbenyloxy)piperidine, Hydrochloride 

Sodium hydride, as a 60% dispersion in mineral oil (2.11 g) was added to a 
solution of intermediate 28 (10.0 g) in anhydrous dimethylsulfoxide (200 ml). After stirring 
for 30 min at RT under nitrogen, potassium benzoate (8.46 g) was added, followed, after 

25 20 min, by l-chloro-4-fluoroben2ene (6.90 g). The mfarture was heated at 60*'C for 2 h, 
then cooled to RT and dUuted with water (600 ml) and the pH adjusted to 5. The sohition 
was washed with hexane (100 ml), basified to pH 11, then extracted with 
X 1 00 ml). The combined ethyl acetate extracts were washed with saturated aqueous brine 
(50 ml), dried ov^ sodium sulfate and evaporated, and then the reddue was crystallised 

30 fi-om hexane. The crystalline solid obtained was dissolved in a mbcture of ethanol and 
dioxane (1:1, ISO ml) and saturated with hydrogen ddoride gas. After 2 h at RT, the 
solution was purged with nitrogen gas and then concentrated under reduced pressure. The 
re^due was dissolved in a minimum amount of methanol, and thai diluted with ether. The 
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precipitate which foraied was collected by filtration and dried to give the title product 

(5.36 g, 4 1%) as a colouriess solid. 

Rf 0.3S (8% MeOH/dichloromethane) 

Intermediate 32 ^-(^-Butosycarbonyl)-4-piperidone 
5 This compounds was prepared according to the method of L M. Labouta et al, 

Eur. 1 Med Chem. Chim. Ther, 1982, 17, 531-535, as a colourless soHd (9.72 g, 98%). 

Intermediate 33 leit-Butyl 4-Hydroxyiminopiperidine-l-carboxylate 

Hydroxylamine hydrochloride (2.95 g), sodium acetate (3.80 g) and intermediate 

32 (7.70 g) were combined in ethanol (40 ml) and stirred at room temperature for 72 h. 
10 Water (100 ml) was added, and the mixture extracted with diethyl ether (2 x 50 ml). The 

combined organic extracts were washed with saturated sodium bicarbonate (2 x 30 ml), 

water (30 ml), saturated brine (30 mJ), dried (MgS04) and concentrated in vacuo to 

provide the title compound (7.94 g, 96%) as a pale yellow solid. 

Rf 0.30 (2% methanol/dichloromethane with trace triethylamine) 
15 Intermediate 34 terT-Butyl 4-(4-Cyanophenoxyimino)piperidine-l-carboxylate 
Sodium hydride, as a 60% dispersion in mineral oil (0.103 g), was added to a 

solution of intermediate 33 (0.50 g) in anhydrous tetrahydrofuran (30 ml), and the mixture 

stirred under nitrogen at room temperature. After 30 min, 4-fluoroben2onitrile was added 

as a solution in dry tetrahydrofuran (3 ml), and the mbcture stirred for a further 24 h at 
20 room temperature. The solvents were then removed in vacuo^ the residue azeotroped 

twice with toluene before purification by silica gd column chromatography, with 2% 

methanol/dichloromethane as cluent, to provide the title compound (0.57 g, 78%) as a pale 

yeUow solid. 

Rf 0.63 (2% methanol/dichloromethane with trace trieth^amine) 
25 Similariy prepared was: 

Intermediate 35 rer^Butyl 4-(4*ChiorobenzyIoxyimino)piperidine-l- 
carbozylate 

From intermediate 33 (0.80 g) and 4-chlorobmzyl bromide, as a colouriess soHd 
(0.54 g, 43%) after purification by silica gd column chromatogrq)hy with 7% dietl^l 
30 ether/dichloromethane as eluent. 

Rf 0.50 (7% diethyl ether/dichloromethane) 

Intermediate 36 4*(4-Cyanophenoxyimino)plperidine» Trifluoroacetate Salt 

Tiifluoroacetic add (1 ml) was added to a sohition of intermediate 34 (0.56 g) in 
diddorometfaane (9 ml). After stirring for 6 h at room temperature, the solvents wm 
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ranoved in vcumo. The readue was dissolved in didiloromethane (1 ml) and diluted with 
diethjrt ether to induce aystallisation. The mixture was cooled, filtered and washed with 
diethji ether to furnish the title compound (0.S6 g, 96%) as a off-vt^te solid. 
Rf 0.28 (8% methanol/dichloromethane with trace triethylunine) 
5 Similarly prepared was: 

In|^rmediate37 4-(4-Chlorobeiizyloxyimino)piperiduie, Trifluoroacetate Salt 

From intermediate 35 (0.54 g), as a white solid (0.49 g, 87%). 
Rf 0. 1 5 (3% methanol/dichloromethane with trace triethylamine) 
E^smpit \ Methyl 2-((2-Phenoxyethylsulfamoyl)methyl).5-(3,4,4-tri- 

10 niethyl-2,S-dioxoimidazolidin-l-yI)peiitanoate 

To a stirred solution of intermediate 13 (500 mg) in dichloromethane (25 ml) at 
0°C were added 2-phenoxycthylamine (1 86 mg) and triethylanune (137 mg). Stirring was 
continued for 18 h, with the temperature rising to RT. The reaction mixture was diluted 
with dichloromethane (50 ml) and washed with water (2 x 20 ml), hydrochloric add (IM; 
15 20 ml), water (20 ml), brine (20 ml) and then dried (MgSO^). FUtration and evaporation 
of solvents in vacuo gelded the title compound (581 mg, 91%) as a colourless ofl. 
Rf0.31 (3:1 ethyl acetate/hexane) 
MS 467 (NT) 

Similarly prepared were: 
20 Eigffiple 2 Methyl 2-((N-MethyI-(2-phenozyethyl)suiramoyl)methyl)-5- 

(3,4,4-trimetbyl-2^dioxoimidazolidin-l-yl)pentanoate 
From intermediate 16 (328 mg) and intomediate 13 (800 mg) as a colouriess oil 
(874mg,83%). 

Rf 0.27 (3:1 ethyl acetate/hexane) 
25 MS 484 (NT) 

Examples Methyl 2-((N-Metbyl-(2-(4-Chlorophenozy)ethyl)- 

sulfamoyI)metbyI)-S-(3,4^trimethyi.2>diozoiniidazoUdin-l- 
yl)pentanoate 

From2-<4-cMorophenoxy)-iV^metlqrlethylannne(416n^andiiiten^^ 13 (827 
30 mg) as a colouriess oil (955 mg, 82%). 

Rf 0.35 (3:1 ethyl acetate/hexane). 
MS 518 (M*) 
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EMmply4 tert-Butyi 2K(N-Methyl-(beiizofuriui-2-yl)methyI-8iilfamoyi). 

metlqi>-5<M>4^riiiictliyl-2^ioxoimidazoli^ 
From intermediate 19 (180 mg) and intennediate 14 (459 mg) as a colouriess oil 
(589mg.98%). 

Rf 0.44 (2:1 eth)4 acetate/hexane) 
MS 536 (NT) 

Examples Ethyl 4-(4-(4-Chlorophenyl)piperazin-l-yi)salfonylmetliyI)- 

tetrabydropyran-4-carboxylate 

4-Chlorophenylpiperazine dihydrocMoride (7.3 g) and triethylamine (12 ml) were 
stirred in dichloromethane for 10 min, then the mixture was cooled in ice and a solution 
of intermediate 24 (6.9 g) in dichloromethane was added dropwise over 10 min. The 
mixture was stirred at O'C for 3 h, washed with 2% aq. citric add, saturated sodhmi 
bicarbonate and brine, dried (MgSOJ and evaporated and the residue purified by 
chromatography (EtOAc) to give the title compound (8.60 g) as bdge solid. 
R, 0.29 (ether) 
MS 430 (M*). 

Similariy prepared were: 
Exiimple 6 Ethyl 4-(4-pyridyloxypiperidin-l-yl)8ulfonylmethyl- 

tetrabydropyran-4-carboxyIate 

From intermediate 24 (1 .0 g) and intennediate 29 (1 .6 g) as colouriess solid (1 .45 

g). 

R, 0.37 (6% MeOH/dichloromethane 1% NH«OH) 
MS 412 (M*) 

E«»imffte7 Ethyl 4-(4-(4-Cyanophenozy)piperidiii-l-yl)tulfonylniethyl- 

tetrahydropyraii-4-carbozylate 
From intermediate 24 (1 .0 g) and intennediate 30 (1.24 g) as beige solid (1.20 g). 
R, 0.32 (ether) 
MS 436 (M*) 

Ex^mpitS Ethyl 4-(iV.(2-(4.Chlorophenoxy)ethyl>-JV-methyUiilfamoyl- 

methyl)tetrahydropynin-4-carboxylate 
From intennediate 24 (685 mg) and AK2-<4-chloiophenoxy)ethyi>A^-methylainiiie 
(500 mg) as a colouriess oil (944 mg, 84%). 
Rf 0.50 (2:1 ethyl acetate/hexane). 
M*420. 
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g;»^imple 9 Ethyl 4-(4-(4-Chlorophenoxy)piperidui-l-yl)siilfonylmethyI- 

tetrabydropyran-4-carboiyIate 

From intermediate 24 (3.28 g) and intermediate 3 1 (3.01 g) as a brown solid (4.47 
g, 83%). 
Rf 0.40 (ether) 

EyftWPlff 10 tert-Butyl 2-(;Nr-(2-(4-Chlorophenozy)ethyl)-Ar.niethyl- 

sulfamoylmethyl)-3-methylbutanoate 

A^-2-(4-Chlorophenoxy)ethyi-Ar-methylamine (300 mg) was added to a solution of 
intermediate 15 (438 mg) and trirthylamine (1.2 ml) in dichloromethane (50 ml) at 0*C. 
The solution was stirred for 2 h, then washed with aqueous dtric add (5%, 50 nd), 
saturated bicarbonate solution (50 ml) and brine, dried (MgSO^) and evaporated to give 
the title compound (469 mg, 69%) as a colourless oil. 
Rf 0.43 (2: 1 hexane/eth^ acetate). 
MS 420 (NT) 
15 Similarly prepared were: 

BMfqpIg U tert-Butyl 2-|N-MethyNN-(2-(4-Chlorophenoxy)-2,2- 

dimetbylethyl)sulfamoyl]methyl-3-methylbatanoate 
From intermediate 27 (366 mg) and intermediate 15 (464 mg) as a colourless oil 
(464mg.61%). 
20 Rf 0.66 (2: 1 hexane/ethyl acetate). 
MS 448 (M^) 

Example ]|2 rer/-Butyl 2-(4-(4-Cyanoplienoxyiinino)piperidine-l- 

sulfonylmetliyl>-S-(3*4,4-trimetliyl-2^dioxoiinidazolidiii-l- 
yOpentanoate 

25 Triethylamine (0.30 ml) was added via ^fringe to an ice-cold sohition of 

intomediate 14 (0.437 g) and intermediate 36 (0.3 SO g) in anhydrous dicMoromethane (20 
ml), and the nuxture stirred under nitrogen for 3 days at RT. After evaporation of the 
nuxture under reduced pressure, the readue was ^ssolved in diethyl ether (40 ml) and 
vrashed with 2.5% aqueous dtric add (2 x 10 nd), water (10 ml), saturated sodium 
bicarbonate (10 ml), water (10 ml), saturated brine (10 nd), dried (MgJ&O;) and 
concentrated in vacuo to yield the title compound (0.434 g, 69%) as a vAat» s(did. 
R,0.34 (diethyl ether) 

Similarly prepared were: 



30 
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EMmpie 13 tert-Butyl 2-(4-(4-Cyanophenoxyiinino)piperidin-l> 

ybiilfooylmethyl)-3-methylbatanoic Add 

From intennediate36(0.193g) and interaiediate 15(0.181 g),asacolouriessgum 
(0.087 g. 34%). 

5 Rf 0.40 (2% diethjd ether/dichlororoethane) 

E^^niPly H rert-Butyl 2.(4-(4-Chlorobenzyloxyiinino)piperidin-l- 

yIsulfonylmethyl>>3-methylbutanoate 
From intennediate 37 (0.48 g) and intermediate 15 (0.39 g), as a straw colouried 
gum (0.60 g, 92%). 
10 Rf 0.40 (2% diethyl ether/dicMoromethane) 
MS 473 (MH*) 

B^flmplt 1$ 2-((2-Plienozyethylsulfamoyl)meth^S<3,4,4-trimethyl-2,5- 
dioxoimidazolidin-l-yI)pentanoic Acid 
To a stirred solution of example 1 (555 mg) in dioxane (25 ml) in an ice-salt bath 

15 was added a solution of Uthium hydroxide (149 mg) in water (10 ml). Stirring was 
continued for 5 h then the mixture was diluted with water (50 nd) and extracted with 
diethyl ether (2 x 25 ml). The aqueous mixture was acidified with citric add to pH 4, and 
then extracted widi ethyl acetate (5 x 30 ml). The combined eth^ acetate extracts were 
washed with water (2 x 20 ml), brine (20 ml) and dried (MgSOJ. FUtration and 

20 evaporation of solvoits in vacuo yielded the tide compound (443 mg, 82 %) as a white 
foam. 

Rf 0.39 (3:1 ethyl acetate/hexane) 
MS 455 (NT) 

Similarly.prq)ared were: 
25 Biflniph 2K(A^-Methyl.AK2-pheiioxyethyl)8aIfamoyl)methyl)-5-(3,4,4. 

trimethyl-2,5-dioxoiinida2olidiii-l-y^entanoic Add 
From example 2 (850 mg) as a colouriess ml (642 mg, 78%). 
Rf (2:1 ethyl acetate/hexane). 
MS 470 QJT) 

30 Exftmpte 17 2-((Ar.Methy|.Ar-(2-(4-Chloropheiioxy)ethyl)8ttlfainoyl)- 

methyl).S-(3,4,4-trimethyI.2«S-dioxoiinidazolidiii-l- 
j^pentanoicAdd 

From example 3 (947 mg) as a colouriess oil (772 mg, 84%). 
R, 0.26 (3 : 1 ethyl acetate/hexane) 
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MS504(\r) 

giflniply 18 2-((N-MethyI-(benzofuran-2-yl)niethylsiiIfamoyl)inethyI)-5- 
(3,4,4-trimethyl-2,S-dioxoiinidazolidui-l>yl)pentanoicAcid 
To a stirred solution of example 4 (575 mg) in dichloromethane (18 mi) at 0 »C 
5 was added trifluoroacetic add (2 ml). The mixture was stirred ft)r 16 h, witii the 
temperature rising to RT. The solvent was removed in vacuo and the residue azeotroped 
with toluene (2 x 50 ml) to yield tiie titie compound (515 mg, 100%) as a colourless oU. 
Rf 0. 17 (2: 1 ethyl acetate/hexane). 
MS480(Kr) 

10 Piaiipple 19 4-(4-(4.ChlorophenyI)pipera2iii-l-yi)sulfonylmethyl)- 

tetrahydropyran-4-carboxylic Acid 

Lithium hydroxide (6 g) was added to a solution of example 5 (8.6 g) in metiumol 
(150 ml) and water (100 ml) and the solution was heated under reflux for 4 h. The mixture 
was cooled to RT, evaporated to halfvohime under reduced pressure and then the solution 
15 was washed with ether. The aqueous phase was acidified with citric add to pH 5 and 
extracted with dichlorometiiane (4 x 100 ml). The solvent was washed with brine, dried 
(MgSOJ and evaporated to give the titie compound (5.60 g, 70 %) as bdge solid. 
R,0.20(EtOAc) 
MS 402 (M*) 
20 Similariy prepared were: 

Piamply20 4-(4-Pyridyloxypiperidin-l-yl)sulfonylmethyl)- 
tetrahydropyran-4-carboxylic acid 
From example 6 (1.45 g) as bdge solid (0.20 g). 
Rf 0.20 (10% MeOH/dichlorometiiane 1% AcOH) 
25 MS 384 (M*) 

t;»}imple2| 4-(4-(4-Cyanoplienoxy)piperidin-l-yl)sBlfonylinetliyl- 
tetrahydropyran-4-carbozylic add 

From example 7 (1.20 g) as colourless solid (0.25 g). 
Rf 0.54 (EtOAc + 1% AcOH) 
30 MS 408 (M*) 

Eumpl^^ 4-(^-(2-(4-Chloropiienoxy)ethyl)-JV-methylsuifamoyl- 
mctiiyi)tetraiiydroiiynui-4-€arboi7Ue Add 

From example 8 (930n(g) as a colouriess solid (688mg. 79%). 
Rf 0.30 (2:1 ethyl aoetate/hexane). 
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MS 392 (NT) 

Eiampiy23 4-(4-(4-Chlorophenoxy)piperidin-l-yI)8ulfonylmethyl- 
tetnihydropyran-4-cari}ozyIic Acid 
From example 9 (3. 1 g) as colouriess solid (2.6 g, 90%). 
5 0.40 (ether) 
MS 416 (M-1) 

E»ampte24 2-(i\K2-(4-ChIorophenoxy)ethyqMV4nedi}48aifamo^metli^ 
3-metbylbDtanoic Add 

A solution of example 10 (46Smg) was dissolved in 30% trifluoiuaoetic add in 
10 dichlororaethane (50 ml) and the solution was stirred for 2 h. The sohition was then 
evaporated under reduced pressure and the residue azeotroped to dryness with 
dichloromethane/hexanes (3 x 100 ml). The residue was dissolved m saturated sodhmi 
bicarbonate (50 ml) and washed with ether. The aqueous layer was addified with dtiic 
acid and extracted with EtOAc (2 x 100 ml), the solvent dried (hAgSOt) and evi4)orated 
1 5 to give the title compound (403mg, 100%) as a colourless oil. 
Rf 0.55 (2: 1 ethyl acetate/hexane). 
MS 363 (M*) 

SimUariy prepared were: 

Bygpuplf ^ 2-(N-Metbyl-N-(2-(4-chlorophenozy)-2,2-dimethyletbyl)- 
20 suIfamoylmetbyl)-3-meth^bntanoicAdd 
From example 1 1 (450mg) as a colourless oil (379mg, 97%). 
Rf 0.68 (2:1 etfaji acetate/hexane). 
MS 392 (M*) 

gxampie 26 2-(4-(4-Cyanophenozyiniino)piperidin-l-ylsuIfonylin^yI>^ 
2S (3,4,4-trimethyt-2^ioxo-iinidazolidiii-l-yi)paitanoicAcid 
Trifluoroacetic add (2 mQ was added to a solution of example 12 (0.434 g) in 
dichloromethane (18 ml), and the mixture stirred at room temperature. After 18 h., the 
reaction mixture was evaporated underreduced pressure, and thereadue azeotroped twice 
with tohiene. The resultant ofl was purified by silica gd column diromatognq»hy, duting 
30 with 4% methanol/dichloromethane, to provide the title compound (0.232 g, 59%) as a 
pde yellow gum. 

R,0.22 (4% methanol/dichloromethane) 
MSS34(Mir) 

Similaily prepared were: 
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Eianiple 27 H4-(4-Cyanophenoxyimino)piperidin-l-ybulfonylmethyI>^ 
methylbutanoic Acid 
From example 13 (0.087 g), as a colourless solid (0.085 & 100%). 
Rf 0.49 (3% methanol/didiloromethane) 
5 MS 394 (MIT) 

Example 28 2-(4-(4-Chlorobeii2ylozyimino)piperidm-l-ybulfoii^ 
3-methylbutanoic Acid 
From example 14 (0.60 g), as a white solid (0.42 g, 80%). 
Rf O.SO (5% methanol/dichloromethane) 
10 MS 417 (MH*) 

Example 29 2-((2-Phenozyethylsulfamoyl)methyl)-5-(3,4,4-tri-methyt-2^ 
dioxoimidazolidiii-l-yl)pentanoic Acid 7V-Hydroxy Amide 
To a stirred solution of example 1 5 (440 mg) in dichloromethane (20 ml) at 0 X 
was added EDC (1 89 mg) and O-Zcr^-butyldimethylsilylhydroxylamine (141 mg). Stirring 
15 was continued for 5 h, with the temperature rising to RT, and then the mixture was diluted 
with dichloromethane (50 ml). The mixture was washed with water (3 x 20 ml), brine (20 
ml) and dried (MgS04). Filtration and evaporation of solvents under reduced pressure 
gave a colouriess oil that was dissolved in dichloromethane (15 ml) and treated with a 
solution of hydrogen chloride in diethyl ether (IM; 3 .0 ml). The mixture was stirred for 
20 1 h before the solvents were removed in vacuo and the residue was purified by silica gel 
column chromatography eluting with 3 : 1 ethyl acetate/h»ane to yield the title compound 
(264 mg, 57%) as a white solid. 
Rf 0.32 (3:1 ethyl acetate/hexane). 
MS 471 (M*) 
25 Stmilariy prepared were: 

Exi|mple3p 2-((N*Methyl-(2-phenozyethyl)sulfamoyl)methyl)-5-(3,4,4- 
triinethyI-2^ioxoimidazolidin-l-yl)pentanoic Acid N* 
Hydroxy Amide 
From example 16 (500 mg)asa white solid (175 mg, 34%). 
30 Rf0.16 (ethyl acetate). 
MS 485 (NT) 
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Eiampl^ai 2K(N-Mcthyl-(2-(4-CMorophenoxy)ethyl)sulfamoyl).methyl)- 

S-(3^4-trunethyl-2^iozoiiiiidazoUdm-l-yl)pentanoic Add 
N-Hydrozy Amide 

From example 17 (750 nqg) as a white soUd (332 mg, 43%). 
RfO.lS (ethyl acetate). 
MS519(\r) 

Ex^)ipp|f>^2 2-((N-Methyl-(ben20furan-2-yI)methyl-siilfamoyl)methyl)-S- 

(3,4,4-trimethyl-2,S-dioxoiinidazoIidin-l-yl)pentanoicAcidN- 
Hydro^ Amide 

From example 18 (250 mg) as a white solid (98 mg, 38%). 
R, 0. 1 0 (9: 1 ethyl acetate/methanoi) 
MS 495 (NT). 

Example ?3 2-(N-Methyl-N-(2-(4-chlorophenoxy)ethyi)-suifamoylmethyi)- 
3-methylbutanoic Acid N-Hydroxy Amide 
From example 24 (400mg) as a white foam (386mg, 96%). 
Rf 0.46 (3:1 ethyl acetate/hexane). 
NT 379. 

Example 34 2-(N-Methyl-N-(2-(4-chlorophenoxy)-2,2-dimethyi- 
ethyl)sulfamoylmethyI)-3-methylbutanoic Acid N-Hydroxy 
Amide 

From example 25 (370mg) as a white soUd (Mlrng, 37%). 
Rf 0.32 (3:1 ethyl acetate/hexane). 
NT 407 

gyan^pi^^g 4-(4-(4-Chlorophenyl)piperazin-l.y|)suifonylmethyl)- 
tetrahydropyraii-4-carboxyiic Acid iV-Hydrozy Amide 
Hydrocliloride 

Oxalyl chloride (4 ml) was added to a suspension of example 19 (5.6 g) in 
dichloromethane (100 ml) at O'C, foUowed by dimethylformamide (1 drop). The mixture 
was stirred for 1 h, then ev^orated in vacuo and the readue azeotroped with 
dichloromethane/hexanes (3 x 100 ml). The cnide product was dissolved in 
dichloromethane (50 ml) and triethylamine (5.80 ml) and 0-TBDMS hyroxylamine (2.24 
g)wereadded. The mixture was stirred for 3 h, then washed with water, aqueous sodmm 
bicarbonate and brine, dried and evaporated. The crude product was dissolved in dry 
dichloromethane(100ml)andHClinether(lM,50nil)wasaddeddropwlse. Themixture 
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was vigorously stirred for 30 min, then the product collected by filtration and washed with 
ether (2 x 100 ml) to give the title compound (5.0 g) as colouriess powder. 
Rf 0.53 (10% MeOH/dichloromethane 1% imfiH) 
MS 418 (NT) 

Similarly prepared w^: 
Example 36 4-(4-(4-Pyridyloxy)piperidin.l-yl)sulfonylmethyl). 

tetrahydropyraii-4-carboxylic Acid JV*Hydro^ Amide 
Hydrochloride 

From example 20 (0.19 g) as white solid (0.12 g). 
Rf 0.25 (7% MeOH/dichloromethane 1% NH4OH) 
MS 400 (MO 

Examples? 4-(4-(4-Cyanophenoxy)piperidin-l-yl)sulfonylmethyl- 
tetrahydropyran-4-carboxylic Acid iV-Hydroxy Amide 

From example 21 (0.25 g) as white solid (5,5 mg). 
Rf 0.32 (5% MeOH/dichloromethane) 
MS 423 (b/ty 

Exnmple38 4-(Ar.(2-(4-Chlorophenoxy)ethyl).A^-methylsulfamoyl- 
methyI)tetrahydropyran-4-carboxyIic Acid N-Hydroxy Amide 

From example 22 (650 mg) as a colouriess solid (412mg, 74%). 
Rf 0.24 (ethyl acetate). 
M*407. 

Example 39 4*(4-(4-Chlorophenoxy)piperidin-l-yl)sulfonyImetiiyi* 
tetrabydropyran-4-carboxylic Acid iV-Hydroxy Amide 
From example 23 (2.69 g) as colouriess solid (2.40 g, 86 %). 
Rf 0.22 (5% MeOH/dichloromethane) 
MS 431(M.l) 

Example 40 2-[4-(4-Cyanophenoxyimino)piperidin-l-3lsulfonyimethyl]-*5- 
(3,4,4-trimethyl-2^ioxoimidazofidui-l-yl)pentanoicAddN- 
Hydros Amide 

EDC (0.102 g) was added to a suspension of 0-r^-butyldimethylal^- 
hydroxylamine (0.066 g) and example 26 (0.218 g) in dichloromethane (20 ml), and the 
nuxture sdrred at room temperature for 18 h. The solvent was thm evaporated under 
reduced pressure. The r^due was dissolved in eth)d acetate (50 ml) and washed widi 
water (2 x 10 ml)> saturated sodium bicaibonate (20 ml), water (10 ml) saturated brine 
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(10 ml) and dried (NigSOJ. The oiganic phase was thai evaporated m vacuo, the readue 
dissolved in tetrahydro&ran (5 ml), cooled in an ice-bath, and treated with 
tetrabutjiammonium fluoride (1.0 M solution in tetralqrdrofuran; 0.45 mQ. After 10 min, 
the reaction was quenched with acetic add (0.5 ml) and partitioned between wat«- (30 ml) 
5 and hexane (20 ml). The hexane was decanted and the aqueous phase reshaken with 
hejcane (20 ml). The aqueous phase was then extracted with ethyl acetate (2 x 20 ml), and 
the combmed organic extracts were washed with a 1:1:1 mixture of water, saturated 
sodium bicarbonate and saturated brine (15 ml). Theorganiclayo-wasfuther washed with 
saturated brine (15 ml), then dried (MgSOJ and evaporated under reduced pressure to 
10 yield the title compound (0. 185 g, 82%) as a white solid. 
Rf 0. 16 (5% methanol/diddoromethane) 
MS 549 (MIT) 

Similariy prepared was: 
i;»^niple 41 2-(4-(4-Cyanophenoxyimino)piperidin-l-ylsiilfonylmeth^>^ 
methylbutanoic Acid N-Hydroxy Amide 

From example 27 (0.085 g), as a white solid (0.017 g, 22%). 
R,0.13 (3% methanol/dichloromethane) 
MS409(MHr) 

JEx^mpIy 42 2-(4-(4-Chlorobeiizyloxyimino)piperidinl-ybiilfra^etiiyO-3- 
20 methylbutanoic Acid N-Hydroxy Amide 

EDC (0.25 1 g) was added to a solution of 0-tert-butjddimethylsiljdhydTOxylamine 
(0. 148 g) and example 28 (0.42 g) in dichloromethane (40 ml), and the nuxture stirred at 
room temperature for 4 h. The solvent was then evaporated under reduced pressure, and 
the residue was dissolved in ethyl acetate (60 ml) and washed with 1% dtric add (20 ml), 

25 water (20 ml), saturated sodium bicarbonate (20 ml), water (10 ml), saturated brine (15 
ml) and dried (MgS04). The organic phase was then evi^rated m vacmy and the leadue 
purified by dlica gel column chromatography with 4% methanol/diddoromethane, pre- 
duting the column with 4% methanol/5% triethylamine/didiloromethane, to ^ve a white 
solid (0.41 g). The white solid was thai dissolved in didiloromethane (20 ml) and treated 

30 with hydrogen chloride, as a 1.0 M solution in diethjd ether (3.0 ml). After 20 min. at 
room temperature, the soWents were removed and the residue triturated with a mixture 
of dichloromethane and di^yi ether to provide the title compound (0.294 g, 67%) as a 
colouriess soUd. 

RfO.H (5% methanol/dichloromethane) 
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MS 432 (MHT) 
HPLC-MS Cnnditinns 

In the foUowing experimentals descriptions, HPLC-MS was perfomed on a 
Hewlet Packard 1 100 LC usmg a Phenomenex Luna C18, 50x2.1nim column at SS^C, 
5 running a solvent A: solvent B gradient of 95:5 to 35:65 in 4.70 nun and to 0: 100 in 1 .50 
nunataflowrateof0.90niL/nun. Solvent A and solvent B are 95% water5%acetonitrile 
0.1% formic add and 5% water 95% acetonitrile 0.1% formic add respectively. MS 
spectra were acquired at 1 cone voltage (30V), on a Micromass Quattio (triple 
quadrupole) instrumoit 

10 Eiampl^ 43 2-((N-Ethyl-N-(2-methoxyetliyl)-sulfamoylmethyl)-5-(3,4,4- 

trimethyl-2,S-diozoimidazoIidui-l-yl)-pentanoic Add N- 
Hydroxy Amide 

(2-Methoxyethyl)ethyIamine (0. 1 mmol) was added to a solution of intermediate 
15 (0.1 mmol) and JV-methyimorpholine (1.1 eq) in dichloromethane (1 ml) at OX in a 
15 scintillation vials and the solutions was stirred overnight at room temperature. The 
solutions was washed with 0.2 M HCl (1 ml) and saturated bicarironate solution, then 
evaporated to dryness. The crude product was dissolved in 50% trifluoroacetic 
acid/dichloromethane (1 ml) and stirred overnight at room temperature, then evaporated 
to dryness and azeotroped with toluene. The crude adds were then taken up in 
20 dichloromethane, and then treated with one equivalent each of H)C, hydroxylamine 
hydrochloride and^-methylmorpholine for 18h. The solution wasthenwashed with water 
and aqueous sodium bicarbonate, and evaporated. The erode product was purified by 
preparative HPLC, to pve the title compound as a colouriess foam (10.8 mg) 
HPLCR,5;32min. 
25 MS 436 (M*) 

Similariy prepared were 
E»amply44 2K3,3-Diphenylproi}ybulfamoyimethyl)-5-(3yM-triinetliyl>2^ 
diozo-imidazoIidin-l-yl)-pentanoic Add N-Hydraxy Amide 
From intennediate 15 and 3,3-^phen)dpropylamine, as a white solid (14.3 mg). 
30 HPLC R, 6.70 min. 
MS 544 (M*) 

B^snip|6 4g 2-(Cydohezylmethybnlfamoylmethyl>-S-(3»4,4-triinethyl-2^ 
diozoimidazoUdiii-l-yl)-peiitanoic Add N-Hydroxy Amide 
From intennediate 15 and cydohexylmethylamine, as a beige solid (5.5 mg). 
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HPLC R, 5.58 min. 
MS 446 (NT) 

Eyaiqpte46 2-(l-Methyl-3-phenyIpropyIsulfaiiioyIniethyl)-5-(3,4,4- 
triniethyl-2,5-diozoiinidazoIidin-l-yl)pentanoic Acid N- 
^ hydroxy Amide 

From intermediate IS and l-m^fayl-S-plienyipropylaniine, as a wUte solid (24.7 

mg). 

HPLC R, 5.88 min. 
MS 482 (M*) 

10 Example 47 2-((3-PhenyIpropyI)suIfamoyimethyl)-5-(3,4,4-trimethyI-2^ 

dioxo-lmidazolidin-l-yl)-pentanolc Add N-Hydroxy Amide 
From intermediate 15 and 3-pitenylpropylamine, as a bdge solid (34.1 mg). 
HPLC R, 5.61 min. 
MS 468 (M*) 

15 Example 48 2-((N-MethyI.N-octylsulfamoyI)methyl)-S-(3^,4-trimethyl-2,S- 

dioxoimidazolidin-l-yl)-pentanoic Acid N-Hydroxy Amide 
From mtermediate 15 and octylmethylamine, as a colourless soild (19.1 mg) 
HPLC R, 7.42 min. 
MS 476 (M*) 

20 Example 49 2-(N-(2-CyanoethyI).N-octyIsulfamoylmethyl)-S-(3,4,4. 

trimetbyl-2,5-dioxoimidazoUdin-l-yl>-pentanoic Acid N- 
Hydroxy Amide 

From intermediate 15 and (2-cyanoethyl)octylamine, as a bdge solid (3.1 mg). 
HPLC R, 7.23 min. 
25 MS 515 (M*) 

Example SO 2-(N-(2-(4-Chlorophenoxy)-l-methyletliyI)-N- 
metliylsuIfamoylmetbyl)-S-(3,4,4.trimethyl-2,5-dioxo- 
imidazolidin-l-yl)-pentanoic Acid N-Hydroxy Amide 
From intermediate 15 and N-(2-(4-Chloroptienoxy)-l-methyleth^))methylamine, 
30 as a beige solid (7.3 mg). 
HPLC R, 6.46 min. 
MS 532 (M*) 
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E»ampieSl 2KN-methyl-N-phenethybuIfamoylmcthyI).5-(3A4-trimethyl- 
2^dioxoiiiiidazoUdiii-l-yl).pentanoicAcidN-Hydrozy Amide 
From intermediate 15 and N-(pheneth)4)methyanune, as a white solid (13.2 mg). 
HPLCR,5.22min. 
5 MS 468 (NT) 

fi^^mp^^? HN-(2-(2-Clilorophenoxy)etbyI)-N-methyl-sulfamoyimethyl)- 

S-(3,4,4-triinethyl-2,5-dioxoimidazolidiii-l-yI)-peiitaiioicAcid 
N-Hydroxy Amide 

From intermediate 15 andN-<2-(2-chlorophenoxy)ethyi)methyIamine,asabfown 
10 solid (5.5 mg). 

HPLC R, 5.68 min. 

MS 518 (M*) 

gyampieS3 2-(N-Ethyl-N-phcnyIsulfamoylmethyl)-5-(3,4,4-trimethyl-2^ 
dioxo-imidazolidin-l-yl)-pentanoic Acid N-Hydroxy Amide 
15 From intermediate 1 5 and N-^hylaniline, and a colourless soUd (9.0 mg). 

HPLC R, 5.89 min. 
MS 454 (M*) 

Example 54 2-(N-(4-ChIorophenyl).N-methybulfamoyImethyl)-5-(3,4,4- 
trimethyi-2,5-dioxoimidazolidin-l-yl)pentanoic Acid N- 
20 Hydroxy Amide 

From intermediate 15 and N-(4-Ghlorophaiyl)methjdaniine, as a Vftits solid (3.2 

mg). 

HPLC R, 5.69 min. 
MS 474 (M*) 
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CLAIMS 

1 . A compound for thenqjoitic use, represented by formula Q): 



5 




wherein 
10 m is 0-2; 

XisS(0),.j; 
YisOHorNHOH; 

R* is H or a group (optionally substituted with R') selected from C,^ ailqrl, Cj^ 
alkenyl, aiyl, C,^5 alkyl-aryl, heteroaryl, alkyl-heteroaiyl, hetaoqrcloalkyl, C,^ allqd- 
1 5 heterocycloalkyi, Qrdoalkyl and C,^ alkyl-cycloalkyl, and R^ is H or C,^ alkyl; 

or CR'R^ is a cycloalkyi or heterocycloalkyi ring optionally substituted with R' or 
a group (optionaUy substituted with R') selected from Cj^ alkyl, aryl, C„ alkyl-arjd, 
heteroaryl and C,^ alkyl-heteroaryl; 

each B is the same or different and is H or a group selected from C,^ alkyl-aryl, 
20 C,^ alkyl, cycloalkyi, Cj^ alkyl-cycloalkyl, cycloalkenyl, heterocydoalkenyl, C,^ alkyl- 
heteroaryl, heterocycloalkjd, C,^ alkyl-heterocycloalkyi, aiyl or heteroaryl, any of which 
groups is optionally substituted by a substituent selected from R', Ci^ alkyl-R*, Cj^ 
alkenyl-R', aryl (optionally substituted with R*), aryl-C,^ alkyl-R\ C,^ alkyl-aiyl 
(optionally substituted withR*), C,^jallqd-heteroaiyl (optionally substituted with R^), aiyl- 
25 Cj^ alkenyl-R', heteroaryl (optionally substituted with R'), heteroaiyl-CM alkyl-R', 
cycloalkyi (optionally substituted with R') and het«-ocydoalkyl (optionally substituted 
with R'), provided that NBj is not NHj, 

or B-N-B is a heterocycloalkyi ring substituted with =0 or =NOR*, 

or, when neither R* nor R* is H, B-N-B is a heterocydoalkyl or heterocydalk«iyl 
30 ring optionally substituted by a substituent seleaed from R', C,^5 alkyl-R^, C,^ alkenyl-R^ 
aiyl (optionaUy substituted with R*), aryl-C,^ alkyl-R^ C,^ all^l-aryl (optionaity 
substituted with R'), C,^ alkyl-hetoroaiyi (optionally substituted with R*), axyirC^ 
alkenyl-R*, heteroaiyl (optionaUy substituted with R'), heteroarjd-C,^ aU^-R^ (^doaU^ 
(optionaUy substituted vnth R^, and heterocydoaU^l (optionaUy substituted with R^); 
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R' is Cm alkyl, C,^ alkenyl.R^ halogen. CN, NOj, N(R\ OR*, C(=NOR«)R*, 
CON(R% COR*. COjR«, NR*R». S(OVjR* or SOjN(R*)^ 

R* is H or a group selected from C„ alkyl. aiyi, C,^ alkyl-aryi, heteroaryi, C„ 
alkyl-heteroaiyl, cydoalkyl, C„ alkyl-cydoalkyl, heterocydoalkyl and C,^ alkyl- 
5 heterocydoalkyl, wherein said group is optionally substituted vnth R*. COR*, SO^jR.^ 
CO^*. 0R«, CONR-R*, NR*R«, halogen, CN. SOjNR'R* or NO^ and for each case of 
N(R*)j the R* groups are the same or difiFerent or N(R*), is heterocydoalkyl optionally 
substituted witii R«, COR*, SO«R*, COjR*. OR*. CONR'R*. NR»R*, halogen. CN, 
SOjNR«R*orNO,; 
10 R*isCOR*.CON(R*)j.COjR*orS02R*; 

R* is Cm alkyl. aryl, C,^ alkyl-aryl, heteroaryi or C,^ alkyl-heteroaiyl; and 

R' is OR*, COR*. COjR», CON(R*)^ NR*R*, S(OV,R*. S0J4(R*)^ halogen. CN 
or cycloimidyl (optionally substituted with R»); and 

R' is H or Cm alkyl; 

15 and the salts, solvates, hydrates. N-oxides, protected amino, protected caiboxy, 

or protected hydroxamic add derivatives thereof 

2. A compound of formula (I) as defined in claim 1. independent of use, wherein Y 
is OH. provided that CR'R* is not CHj and/or NBj is not NH,, N(Ph)H, N(Ph)CHj. 
N(C4H„)CHj orN(4-methoxybenzyl)j. 

20 3. A compound of formula (I) as defined in claim 1, independent of use. vydierdn Y 
isNHOH. 

4. A compound of any preceding claim, wherein X is SOj. 

5. A compound of any preceding claim, wherein R' is C,^ alkyl, C^ aIkaIyl-R^ 
halogen, CN, NO^ N(R*)^ OR*. COR*. NR*R». SCO^jR* or SOjN(R*)j. 

25 6. A compound of any preceding daim, wherein R' is CONCR*),, NR^R', SO^(R\ 
or cycloimidyl. 

7. Acompound of any prece<Ung claim. wherdnR' is optionally substituted C,^ alk^ 
Cm alkyl-heteroaiyl, or Cm aU^heterocycloall^l. 

8. A compound of any of dums 1 to 6, wherdn CR'R* is optionally substituted 
30 cydoalkyl or heterocydoall^l. 

9. A compound of any preceding claim, wherein indq)endentiy each B is optionally 
substitiJted alkyl, cydoallqrl, heterocydoalkyl, Cm alkyl-aryl or Cm alk^-heteroai^. 

10. A compound of any of daims 1 to 9, wherein B-N-B is optionally substituted 
h^eroqrdoall^l optionally substituted witii »NOR*. 



wo 99/24399 



PCT/GB98A)3395 



37 

11. A compound of any of daims 1 to 3, selected from 

methyl 2-((2.phenoxyethylsuIfamoyI)methyl)-5-(3,4.4-trimethyI-2,5. 
dioxoimidazolidin- 1 -^)pentanoate, 

methyl 2-((N-methyK2-phenoxyethyl)sulfamoyl)methyl).5^3,4,4.tm 
2»S-dioxoimidazolidin- 1 -yl)pentanoate, 

methyl 2-((N-methyI-<2-(4-chlorophenoxy)cthyl)sulfiunoyl)methyi>5^^ 
trimethyl-2,S-<iioxoimidazolidin-l-^)pentanoate, 

tert-hntyl 2-<(N-methyl^enzofuran-2-yl)methylsidfamoyl)mcthyl)-5<^ 
trimethyl-2,S -dioxoimidazolidin^ 1 -yl)pemanoate, 

2-((2-phenoxycthylsulfiunoyl)methyi>5^3A4-trimet^ 
yOpentanoic add, 

2-((N.methyl-(2-phenoxyethyl)sulfamoyl)methyl)-5-(3,4,4.trimethyl-2,5- 
dioxoimidazoUdin-l-yl)pentanoic add, 

2<(N-methyl<2-(4-chiorophenoxy)eUvl)sulfemoyl)^^ 
dioxoimidazoUdin-l-yOpentanoic add, 

2-((N-methjd-(benzofuiw-2.yl)methylsuifamoyl)m 
dioxoimidazolidin-l-yl)pCTtanoic add, 

2<(2-phenoxyethylsulfamoy0methyl)-5K3A4-trime^^ 
yl)pentanoic add N-hydroxy amide, 

2-((N-methyl-(2.phenoxyethyl)suIfamoyl)methyl)-5-(3,4,4-trimethyl-2,5- 
dioxoimidazolidin-1 -yOpentanoic acid N-hydroxy amide, 

2<(N-methyl-(2-(4-chlorophenoxy)ethyI)sulfemoyl)met^ 
dioxoimidazolidin-l-yl)pentanoic add N*hydroxy amide, and 

2-((N-methyl.(ben2ofuran-2-^)mcthy|.sulfiunoyl)met^ 
dioxoimidazolidin-l-yOpentanoic add N-hydroxy amide. 

12. A compound of any of daims 1 to S, whidi is exemplified herein but not in daim 
IL 

13. A compound of any preceding daim, in the form of a angle enantiomer or 
diastereomer. 

14. A pharmaceutical compo^on for use in therapy, comprisiqg a compound of any 
preceding daim, and a pharmaceuticaDy-acceptable diluent or carrier. 

1 5. Use of a compound of any of daims 1 to 13, for the manufiumire of a medicament 
for the treatment or prevention of a condition assodated with matrix metaUoprotdnases 
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or that is mediated by TNF a or enzymes involved in the shedding of I-sdectin, CD23, 
the TNF receptors, IL-6 receptors or E^l receptore. 

16. Use according to claim 15, wherein the condition is selected from cancer, 
inflammation and inflammatoiy diseases, tissue degeneration, periodontal disease^ 
ophthahnological disease, dermatological disorders, fever, cardiovascular eflFects, 
haemorrhage, coagulation and acute phase response, cachexia, anorexia, acute infection, 
mv infection, shock states, graft versus host reactions, autoimmune disease, reperfiision 
injury, meningitis, migraine and aspirin-independent anti-thromboas. 

17. Use according to daim 15, wherein the condition is selected from tumour growth, 
angiogenesis, tumour invasion and spread, metastases, malignant ascites and maUgnant 
plmral effusion. 

18. Use according to claim 15, wherein the condition is selected from cerebral 
ischaemia, ischaemic heart disease, rheumatoid arthritis, osteoarthritis, osteoporosis, 
asthma, multiple sclerosis, neurodegeneration, Alzheimer's, atherosclerosis, stroke, 

15 vasculitis, Crohn's disease and ulcerative colitis. 

19. Use according to daim 15, wherein the condition is selected from corneal 
ulceration, retinopathy and surgical wound healing. 

20. Use according to claim 15, wherein the condition is sdected from psoriasis, atopic 
dermatitis, chronic ulcers and q)idermolysis bullosa. 

20 21. UseaccordingtodaimlS.wherdntheconditionisselected from periodontitis and 

gingivitis. 

22. Use according to claim 15, wherein the condition is sdected from rhinitis, allergic 
conjunctivitis, eczema and an^hylaxis. 

23. Use according to daim 15, wherein the condition is selected from restenosis, 
25 congestive heart failure, endometriosis, atherosderoas and endosdooas. 

24. Use according to daim 15, wherein tiie condition is sdected from pdvic 
inflammatoiy disease (PID), age-rdated macular degeneration and cancer-induced bone 
resorption. 

25 Use according to daim 1 5, wherein the condition is a hmg disease. 
30 26. Use according to chum 25, wherein the condition is sdected from cystic fibrosis 
adult respinitoiy distress syndrome(ARDS), emphysema, brondutisobKterans-oiganising 
pneumonia (BOOP), idiopatiiic pdmonaiy fibrosis (WF), diffiise dveolar damage, 

puhnonaryUuigeriian'sceUgrandamatosis,puInK«aiylymphang|olaoii^^ 
and chronic obstructive pulmonary disease (COnD). 
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